EP 4 459 545 A1

(19) Europdisches
Patentamt
0’ European
Patent Office
Office européen
des brevets
(12)

(11) EP 4 459 545 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
06.11.2024 Bulletin 2024/45

(21) Application number: 23765687.1

(22) Date of filing: 03.02.2023

(51)

(52)

(86)

(87)

International Patent Classification (IPC):
GO6T 7/00 (2017.01) A61B 5/00 (2006.0)

Cooperative Patent Classification (CPC):
Y02A 90/30

International application number:
PCT/CN2023/074338

International publication number:
WO 2023/169108 (14.09.2023 Gazette 2023/37)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 10.03.2022 CN 202210234627

(71) Applicant: Chongging Haifu Medical Technology
Co., Ltd.
Chongqing 400714 (CN)

(72) Inventors:
e LIN, Tao
Chongqing 400714 (CN)

(74)

LI, Julong

Chongqing 400714 (CN)
TAN, Zhigang
Chongqing 400714 (CN)
PU, Lipeng

Chongqing 400714 (CN)
WU, Xiaobing
Chongqing 400714 (CN)

Representative: 2K Patentanwilte Blasberg
Kewitz & Reichel

Partnerschaft mbB

Schumannstrasse 27

60325 Frankfurt am Main (DE)

(54)

(67)  The present disclosure provides a method for
positioning atargetarea, an electronic device,and acom-
puter-readable storage medium. The method for posi-
tioning a target area includes: collecting, by using a cam-
era, a target image including a skin surface area corre-
sponding to a reactive bone, where the reactive bone is
a bone with a target feature; identifying the skin surface
area from the target image; determining first device co-
ordinate information of a central position of the skin sur-

face areain adevice coordinate system; and determining

second device coordinate information of a central posi-
tion of a target area including a lesion in the device co-
ordinate system based on the first device coordinate in-

formation and predetermined first positional relationship

information, where the first positional relationship infor-
mation is positional relationship information between the
central position of the skin surface area and the central
position of the target area.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to the technical field of smart medical care, and in particular, to
a method for positioning a target area, an electronic device, and a computer-readable storage medium.

BACKGROUND

[0002] Minimally invasive/non-invasive treatment technology refers to a treatment method of accurately destroying
and killing tumors by using focused ultrasound, argonhelium cryoablation, catheter intervention, radiofrequency ablation
and other minimally invasive methods through image guidance. With the continuous development of medical technology,
minimally invasive/non-invasive treatment is referred to as one of the most active and promising technologies in the field
of comprehensive tumor treatment currently because it features small trauma, accurate curative effects, strong perti-
nence, rapid recovery, and the like. However, during treatment, due to the complexity of a patient’s tissue, there are
very high requirements on the ability of a doctor to find a lesion of the patient. Especially for an inexperienced doctor, it
takes a very long time to find the lesion. This restricts many doctors from entering the field of minimally invasive/non-
invasive treatment. In addition, a doctor determines whether a site observed is a lesion of the patient mainly depending
on the subjective judgment of the doctor. As a result, a problem such as improper treatment position caused by a
subjective judgment error of the doctor may occur. In addition, the patient’s body position changes during the treatment,
and the doctorfurther needs to rely on experience to reposition to continue the treatment, which also takes a very long time.
[0003] To reduce the workload of the doctor and reduce dependence of surgical operations on experience of the
doctor, it is necessary to intelligently identify the position of the lesion of the patient. At present, a method of pasting a
mark needs to be adopted in an intelligent identification technology. Pasting a mark increases discomfort of the patient,
and selection of a marking material, training on a pasting position, and the like further increase the workload of a medical
worker.

SUMMARY

[0004] Embodiments of the present disclosure provide a method for positioning a target area, an electronic device,
and a computer-readable storage medium.

[0005] In a first aspect, an embodiment of the present disclosure provides a method for positioning a target area,
including:

collecting, by using a camera, a target image including a skin surface area corresponding to a reactive bone, where
the reactive bone is a bone with a target feature;

identifying the skin surface area from the target image;

determining first device coordinate information of a central position of the skin surface area in a device coordinate
system; and

determining second device coordinate information of a central position of a target area including a lesion in the
device coordinate system based on the first device coordinate information and predetermined first positional rela-
tionship information, where the first positional relationship information is positional relationship information between
the central position of the skin surface area and the central position of the target area.

[0006] In some example embodiments, the identifying the skin surface area from the target image includes:

performing image enhancement processing on the target image; and
inputting a targetimage subjected to the image enhancement processing into a trained classification model to obtain
first pixel coordinate information of the skin surface area in a pixel coordinate system.

[0007] In some example embodiments, before the inputting a target image subjected to the image enhancement
processing into a trained classification model to obtain first pixel coordinate information of the skin surface area in a
pixel coordinate system, the method further includes:

collecting a sample image including the skin surface area by using the camera;

performing image enhancement processing on the sample image; and

performing model training based on a sample image subjected to the image enhancement processing to obtain the
classification model.
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[0008] In some example embodiments, the determining first device coordinate information of a central position of the
skin surface area in a device coordinate system includes:

determining second pixel coordinate information of the central position of the skin surface area in a pixel coordinate
system;

determining camera coordinate information of the central position of the skin surface area in a camera coordinate
system based on the second pixel coordinate information and a first transformation relationship, where the first
transformation relationship is a transformation relationship between the pixel coordinate system and the camera
coordinate system; and

determining the first device coordinate information based on the camera coordinate information and a second
transformation relationship, where the second transformation relationship is a transformation relationship between
the camera coordinate system and the device coordinate system.

[0009] In some example embodiments, the first positional relationship information is a difference between the first
device coordinate information and fourth device coordinate information of the central position of the target area in the
device coordinate system; and

the determining second device coordinate information of a central position of a target area including a lesion in the
device coordinate system based on the first device coordinate information and predetermined first positional rela-
tionship information includes:

determining that the second device coordinate information is a difference between the first device coordinate infor-
mation and the first positional relationship information.

[0010] In some example embodiments, before the collecting, by using a camera, a firstimage including a skin surface
area corresponding to a reactive bone, the method further includes:

obtaining the first positional relationship information in advance based on a nuclear magnetic resonance image.
[0011] In some example embodiments, the obtaining the first positional relationship information in advance based on
a nuclear magnetic resonance image includes:

determining first nuclear magnetic resonance coordinate information of the central position of the target area in a
nuclear magnetic resonance coordinate system and second nuclear magnetic resonance coordinate information of
a target position of the reactive bone in the nuclear magnetic resonance coordinate system based on the nuclear
magnetic resonance image;

determining third nuclear magnetic resonance coordinate information of the central position of the skin surface area
in the nuclear magnetic resonance coordinate system based on the second nuclear magnetic resonance coordinate
information and the nuclear magnetic resonance image; and

determining the first positional relationship information based on the first nuclear magnetic resonance coordinate
information and the third nuclear magnetic resonance coordinate information.

[0012] In some example embodiments, the determining the first positional relationship information based on the first
nuclear magnetic resonance coordinate information and the third nuclear magnetic resonance coordinate information
includes:

determining that the first positional relationship information is a difference between the first nuclear magnetic reso-
nance coordinate information and the third nuclear magnetic resonance coordinate information; or

determining a difference between the first nuclear magnetic resonance coordinate information and the third nuclear
magnetic resonance coordinate information; and determining that the first positional relationship information is a
product of the difference and a third transformation relationship, where the third transformation relationship is a
transformation relationship between the nuclear magnetic resonance coordinate system and the device coordinate
system.

[0013] In a second aspect, an embodiment of the present disclosure provides an electronic device, including:

at least one processor; and

a memory, where at least one program is stored on the memory, and when the at least one program is executed
by the at least one processor, the at least one processor implements the method for positioning a target area
according to any one of the implementations described above.
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[0014] In a third aspect, an embodiment of the present disclosure provides a computer-readable storage medium,
where the computer-readable storage medium stores a computer program thereon, and when the program is executed
by a processor, the method for positioning a target area according to any one of the implementations described above
is implemented.

[0015] In the method for positioning a target area according to the embodiment of the present disclosure, a position
of a lesion of a patient is intelligently identified and positioned during the surgical operation, and positioning accuracy
of the position of the lesion of the patient is improved. Moreover, there is no need to paste a mark, thereby reducing the
workload of a medical worker.

BRIEF DESCRIPTION OF DRAWINGS

[0016] Accompanying drawings are intended to provide a further understanding of embodiments of the present dis-
closure, and constitute a part of the specification. The accompanying drawings, together with the embodiments of the
present disclosure, are intended to explain the present disclosure, but do not constitute a limitation on the present
disclosure. Detailed example embodiments are described with reference to the accompanying drawings, in which:

FIG. 1 is a flowchart of a method for positioning a target area according to an embodiment of the present disclosure;
FIG. 2 is a schematic diagram showing transformation between a camera coordinate system and an image physical
coordinate system according to an embodiment of the present disclosure; and

FIG. 3is ablock diagram of composition of an apparatus for positioning a target area according to another embodiment
of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0017] To make those skilled in the art better understand the technical solutions of the present disclosure, a method
for positioning a target area, an electronic device, and a computer-readable storage medium according to the present
disclosure are described in detail below with reference to the accompanying drawings.

[0018] Example embodiments are described more fully hereinafter with reference to the accompanying drawings, but
the example embodiments may be embodied in different forms and should not be construed as being limited to the
embodiments set forth herein. Instead, these embodiments are provided so that the present disclosure is thorough and
complete, and those skilled in the art fully understand the scope of the present disclosure.

[0019] The embodiments of the present disclosure and the features in the embodiments can be combined with each
other when no conflict occurs.

[0020] As used herein, the term "and/or" includes any and all combinations of at least one related enumerated item.
[0021] The terms used herein are only intended to describe specific embodiments and are not intended to limit the
present disclosure. As used herein, the singular forms "a/an" and "this" are also intended to include the plural forms
unless the context clearly indicates otherwise. It shall be also understood that when the terms "including" and/or "made
of" are used in this specification, the presence ofthe described feature, integer, step, operation, elementand/or component
is specified, but the presence or addition of at least one other feature, integer, step, operation, element, component
and/or group thereof is not excluded.

[0022] Unless otherwise defined, all terms (including technical and scientific terms) used herein have the same mean-
ings as commonly understood by those of ordinary skill in the art. It should be also understood that terms such as those
defined in commonly used dictionaries should be interpreted as having meanings consistent with meanings thereof in
the background of the related art and the present disclosure, and will not be interpreted as having idealized or overly
formal meanings unless explicitly so defined herein.

[0023] FIG. 1 is a flowchart of a method for positioning a target area according to an embodiment of the present
disclosure.

[0024] In a first aspect, referring to FIG. 1, the method for positioning a target area according to an embodiment of
the present disclosure includes the following steps.

[0025] Step 100: Collect, by using a camera, a target image including a skin surface area corresponding to a reactive
bone, where the reactive bone is a bone with a target feature.

[0026] In some example embodiments, the camera may be any one of a monocular camera, a binocular camera, a
multiocular camera, and a 3D-structured optical camera.

[0027] In some example embodiments, the reactive bone may be a bone whose spatial positional relationship with a
human skin surface does not change in a natural state. For example, the reactive bone may be a nasal bone, a sacro-
coccygeal bone, or the like.

[0028] In some example embodiments, the skin surface area corresponding to the reactive bone refers to an area that
is on the human skin surface, and has the same position as the reactive bone, but has a different depth. For example,
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when the reactive bone is a nasal bone, the skin surface area may be an area including the nose; or when the reactive
bone is a sacrococcygeal bone, the skin surface area may be a sacrococcygeal triangular area.

[0029] Step 101: Identify the skin surface area from the target image.

[0030] In some example embodiments, the identifying the skin surface area from the targetimage includes: performing
image enhancement processing on the target image; and inputting a target image subjected to the image enhancement
processing into a trained classification model to obtain first pixel coordinate information of the skin surface area in a
pixel coordinate system.

[0031] In some example embodiments, the identifying the skin surface area from the target image includes: inputting
the target image into a trained classification model to obtain first pixel coordinate information of the skin surface area in
a pixel coordinate system.

[0032] Insomeexample embodiments, the pixel coordinate system is a two-dimensional coordinate system established
based on the target image. An origin of the pixel coordinate system may be any point on the target image or any point
on a nontarget image, for example, may be an upper left corner of the target image. One axis of the pixel coordinate
system is parallel to a row of the target image, and the other axis thereof is parallel to a column of the target image; or
one axis of the pixel coordinate system is parallel to the column of the target image, and the other axis thereof is parallel
to the row of the target image. Pixel coordinate information of a point on the target image in the pixel coordinate system
is discrete, and can only be an integer value in pixels.

[0033] In some example embodiments, because the brightness of the skin surface area in the target image is less
than that of other surrounding areas, that is, the skin surface area is dark, to enhance an image contrast of the skin
surface area, prevent the occurrence of excessive amplification noise caused by a close grayscale of the image and
reduce an impact of lighting conditions on image features, image enhancement processing is performed on the target
image. Specifically, amethod familiar to those skilled in the art may be adopted to perform image enhancement processing
on the target image. For example, contrast limited adaptive histogram equalization (CLAHE) may be adopted to perform
image enhancement processing on the target image.

[0034] In some example embodiments, before the inputting a target image subjected to the image enhancement
processing into a trained classification model to obtain first pixel coordinate information of the skin surface area in a
pixel coordinate system, or before the inputting the target image into a trained classification model to obtain first pixel
coordinate information of the skin surface area in a pixel coordinate system, the method further includes: collecting a
sample image including the skin surface area by using the camera; performing image enhancement processing on the
sample image; and performing model training based on a sample image subjected to the image enhancement processing
to obtain the classification model.

[0035] In some example embodiments, before the inputting a target image subjected to the image enhancement
processing into a trained classification model to obtain first pixel coordinate information of the skin surface area in a
pixel coordinate system, or before the inputting the target image into a trained classification model to obtain first pixel
coordinate information of the skin surface area in a pixel coordinate system, the method further includes: collecting a
sample image including the skin surface area by using the camera; and performing model training based on the sample
image to obtain the classification model.

[0036] In some example embodiments, a model familiar to those skilled in the art may be trained to obtain the classi-
fication model. For example, a mask region-based convolutional neural network (R-CNN) model may be trained to obtain
the classification model. Specifically, a process of implementing the mask R-CNN model roughly includes: labeling a
skin surface area of a sample image or a sample image subjected to image enhancement processing to generate a
mask label data set; filtering and preprocessing the mask label data set, and dividing a filtered and preprocessed data
set to obtain data sets with different pose image combinations; inputting the data sets with different pose image combi-
nations into a pre-trained neural network (such as ResNet) to obtain a corresponding body surface feature map; for a
region of interest (ROI) of each point in the body surface feature map, obtaining a bounding box based on the ROI;
performing binary classification and bounding-box (BB) regression processing on the bounding box to filter points cor-
responding to part of lower score ROls; and performing an ROI alignment operation on the remaining points in the
bounding box, and classifying points after the ROI alignment operation.

[0037] Step 102: Determine first device coordinate information of a central position of the skin surface area in a device
coordinate system.

[0038] In some example embodiments, the device may be any device that performs a surgical operation, such as a
mechanical arm.

[0039] In some example embodiments, the device coordinate system is a three-dimensional coordinate system es-
tablished based on the device.

[0040] In some example embodiments, the determining first device coordinate information of a central position of the
skin surface area in a device coordinate system includes: determining second pixel coordinate information of the central
position of the skin surface area in a pixel coordinate system; determining camera coordinate information of the central
position of the skin surface area in a camera coordinate system based on the second pixel coordinate information and
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a first transformation relationship, where the first transformation relationship is a transformation relationship between
the pixel coordinate system and the camera coordinate system; and determining the first device coordinate information
based on the camera coordinate information and a second transformation relationship, where the second transformation
relationship is a transformation relationship between the camera coordinate system and the device coordinate system.
[0041] In some example embodiments, the camera coordinate system is a three-dimensional coordinate system es-
tablished based on the camera.

[0042] Insome example embodiments, the first transformation relationship may be represented by a first transformation
matrix.

[0043] In some example embodiments, the camera coordinate system is associated with the pixel coordinate system
by using an image physical coordinate system, and the first transformation relationship may be obtained based on a
transformation relationship between the camera coordinate system and the image physical coordinate system and a
transformation relationship between the image physical coordinate system and the pixel coordinate system.

[0044] In some example embodiments, the transformation relationship between the camera coordinate system and
the image physical coordinate system may be expressed by using a third transformation matrix, the transformation
relationship between the image physical coordinate system and the pixel coordinate system may be expressed by using
a fourth transformation matrix, and thus the first transformation matrix may be determined based on the third transfor-
mation matrix and the fourth transformation matrix.

[0045] In some example embodiments, the image physical coordinate system is a two-dimensional coordinate system
established on an image sensor. An origin of the image physical coordinate system is an intersection of an optical axis
of the camera and an imaging plane. One axis of the image physical coordinate system is parallel to a row of the image
sensor, and the other axis thereof is parallel to a column of the image sensor; or one axis of the image physical coordinate
system is parallel to the column of the image sensor, and the other axis thereof is parallel to a row of the image sensor.
Image physical coordinate information of a point on the image sensor in the image physical coordinate system is discrete,
with the length as the unit.

[0046] In some example embodiments, the camera coordinate system is a three-dimensional coordinate system and
the image physical coordinate system is a two-dimensional coordinate system. Therefore, the third transformation matrix
is a transformation matrix between the three-dimensional coordinate system and the two-dimensional coordinate system.
Specifically, it is assumed that there is a point P on the skin surface area, camera coordinate information of the point P
in the camera coordinate system is (Xc, Yc, Zc), and a line OcP connecting an intersection Oc of the optical axis of the
camera and the imaging plane to the point P has an intersection p with the camera imaging plane, that is, a projection
point of the point P on the camera imaging plane. As shown in FIG. 2, image physical coordinate information of the point
p in the image physical coordinate systemis (x, y)f, which is a focal length of the camera. Then it can been seen according
to the principle of similar triangles that:

x_ Xc _

tze (V)
and

y_Xe

f Zc (2)

[0047] Then, the third transformation matrix may be expressed as:

Xc
X f 0 00
Z OfOOYC 3
C =
y ZC()-
1 OOlOl

[0048] The fourth transformation matrix is a transformation matrix between two two-dimensional coordinate systems,
that is:
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u| la 0 u,|lx
vi= O ﬂ VO y (4)7
1 0 0 11

where o is a number of pixels in unit length in an x-axis direction, f is a number of pixels in unit length in a y-axis direction,
(u, v) is the pixel coordinate information of the point P, (x, y) is the image physical coordinate information of the point p,
and (ug, Vp) is pixel coordinate information of the origin of the image physical coordinate system in the pixel coordinate
system.

[0049] Then, the first transformation matrix may be expressed as:

Xc
u| la 0 u, X 0{Ou0fOOOY
v
ZCXVZO,BVOXZcxyZO,BVOOfOOZ
c
1 0 0 1 1 0 0 10010
L1,
a 0 u,|l Xc Xc
=10 B v,| Yc|[=Kx|Yc
0 0 1] Zc Zc

where K is an intrinsic matrix of the camera, that is, the first transformation matrix.

[0050] In some example embodiments, the determining camera coordinate information of the central position of the
skin surface area in a camera coordinate system based on the second pixel coordinate information and a first transfor-
mation relationship includes: determining the camera coordinate information according to formula (4).

[0051] In some example embodiments, the second transformation relationship may be represented by a second
transformation matrix Le.

[0052] In some example embodiments, the camera coordinate system and the device coordinate system are both
three-dimensional coordinate systems. Therefore, the second transformation matrix is a transformation matrix between
the two three-dimensional coordinate systems, and at the same time, the skin surface area changes only in spatial
position and orientation in the two three-dimensional coordinate systems, but does not change in shape. Therefore, the
second transformation matrix Le may be represented by using a rotation matrix R and a translation matrix T. Specifically,
it is assumed that there is a point P on the skin surface area, camera coordinate information of the point P in the camera
coordinate system is (Xc, Yc, Zc), device coordinate information of the point P in the device coordinate system is (Xe,
Ye, Ze), and a transformation relationship between the two pieces of coordinate information is shown in formula (5).

Xe Xc Xc Xc
R T
Ye |=R x| Yc |+T= o 1 Yc|=Lex| Yc | (5),
Ze Zc Zc Zc
Ly Ly Iz t,
R=|r, 1, 1, T= t,
G I Iy t,
where R is a 3 X 3 matrix, , T is a translation vector, , and Le is an extrinsic matrix

of the camera in the device coordinate system.

[0053] In some example embodiments, the determining the first device coordinate information based on the camera
coordinate information and a second transformation relationship includes: determining the first device coordinate infor-
mation based on formula (5).

[0054] Step 103: Determine second device coordinate information of a central position of a target area including a
lesion in the device coordinate system based on the first device coordinate information and predetermined first positional
relationship information, where the first positional relationship information is positional relationship information between
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the central position of the skin surface area and the central position of the target area.

[0055] In some example embodiments, the lesion may be a tumor, such as hysteromyoma.

[0056] In some example embodiments, the first positional relationship information is a difference between the first
device coordinate information and fourth device coordinate information of the central position of the target area in the
device coordinate system; and the determining second device coordinate information of a central position of a target
areaincluding alesionin the device coordinate system based on the first device coordinate information and predetermined
first positional relationship information includes: determining that the second device coordinate information is a difference
between the first device coordinate information and the first positional relationship information.

[0057] Insome example embodiments, the first positional relationship information is a difference between third nuclear
magnetic resonance coordinate information of the central position of the skin surface areain a nuclear magneticresonance
coordinate system and first nuclear magnetic resonance coordinate information of the central position of the target area
in the nuclear magnetic resonance coordinate system; and the determining second device coordinate information of a
central position of a target area including a lesion in the device coordinate system based on the first device coordinate
information and predetermined first positional relationship information includes: determining a difference between the
first device coordinate information and the fourth device coordinate information based on a third transformation relation-
ship and the difference between the third nuclear magnetic resonance coordinate information and the first nuclear
magnetic resonance coordinate information; and determining that the second device coordinate information is a difference
between the first device coordinate information and the difference between the first device coordinate information and
the fourth device coordinate information.

[0058] In some example embodiments, the third transformation relationship is a transformation relationship between
the nuclear magnetic resonance coordinate system and the device coordinate system that are two two-dimensional
coordinate systems, and the third transformation relationship may be expressed by using a fifth transformation matrix.
The third transformation matrix is similar to the second transformation matrix Le, and details are not described herein.
[0059] In some example embodiments, before the collecting, by using a camera, a firstimage including a skin surface
area corresponding to a reactive bone, the method further includes: obtaining the first positional relationship information
in advance based on a nuclear magnetic resonance image.

[0060] In some example embodiments, the obtaining the first positional relationship information in advance based on
a nuclear magnetic resonance image includes: determining first nuclear magnetic resonance coordinate information of
the central position of the target area in a nuclear magnetic resonance coordinate system and second nuclear magnetic
resonance coordinate information of a target position of the reactive bone in the nuclear magnetic resonance coordinate
system based on the nuclear magnetic resonance image; determining third nuclear magnetic resonance coordinate
information of the central position of the skin surface area in the nuclear magnetic resonance coordinate system based
on the second nuclear magnetic resonance coordinate information and the nuclear magnetic resonance image; and
determining the first positional relationship information based on the first nuclear magnetic resonance coordinate infor-
mation and the third nuclear magnetic resonance coordinate information.

[0061] Insomeexampleembodiments,the target position ofthe reactive bone may be a sacrococcygeal alternation part.
[0062] In some example embodiments, the central position of the skin surface area and the sacrococcygeal alternation
part are at different depths but at the same position.

[0063] In some example embodiments, the determining the first positional relationship information based on the first
nuclear magnetic resonance coordinate information and the third nuclear magnetic resonance coordinate information
includes: determining that the first positional relationship information is a difference between the first nuclear magnetic
resonance coordinate information and the third nuclear magnetic resonance coordinate information; or determining a
difference between the first nuclear magnetic resonance coordinate information and the third nuclear magnetic resonance
coordinate information; and determining that the first positional relationship information is a product of the difference
and athird transformation relationship, where the third transformation relationship is a transformation relationship between
the nuclear magnetic resonance coordinate system and the device coordinate system.

[0064] In the method for positioning a target area according to the embodiment of the present disclosure, a position
of a lesion of a patient is intelligently identified and positioned during the surgical operation, and positioning accuracy
of the position of the lesion of the patient is improved. Moreover, there is no need to paste a mark, thereby reducing the
workload of a medical worker.

[0065] In a second aspect, another embodiment of the present disclosure provides an electronic device, including:

at least one processor; and

a memory, where at least one program is stored on the memory, and when the at least one program is executed
by the at least one processor, the at least one processor implements the method for positioning a target area
according to any one of the implementations described above.

[0066] The processorisadevice with adata processing capability, and includes, butis notlimited to, a central processing
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unit (CPU). The memory is a device with a data storage capability, and includes, but is not limited to, a random access
memory (RAM, more specifically, for example, an SDRAM or a DDR), a read-only memory (ROM), an electrically erasable
programmable read-only memory (EEPROM), and a flash memory.

[0067] In some example embodiments, the processor and the memory are connected to each other by a bus, and
then are connected to other components of a computing device.

[0068] In some example embodiments, the electronic device further includes: a camera, configured to collect a target
image including a skin surface area corresponding to a reactive bone, where the reactive bone is a bone with a target
feature.

[0069] In a third aspect, another embodiment of the present disclosure provides a computer-readable storage medium,
where the computer-readable storage medium stores a computer program thereon, and when the program is executed
by a processor, the method for positioning a target area according to any one of the implementations described above
is implemented.

[0070] FIG. 3 is a block diagram of composition of an apparatus for positioning a target area according to another
embodiment of the present disclosure.

[0071] In afourth aspect, another embodiment of the present disclosure provides an apparatus for positioning a target
area, including: an acquisition module 301, configured to collect, by using a camera, a target image including a skin
surface area corresponding to a reactive bone, where the reactive bone is a bone with a target feature; an identification
module 302, configured to identify the skin surface area from the target image; and a coordinate information determining
module 303, configured to determine first device coordinate information of a central position of the skin surface area in
a device coordinate system, and determine second device coordinate information of a central position of a target area
including a lesion in the device coordinate system based on the first device coordinate information and predetermined
first positional relationship information, where the first positional relationship information is positional relationship infor-
mation between the central position of the skin surface area and the central position of the target area.

[0072] In some example embodiments, the identification module 302 is specifically configured to perform image en-
hancement processing on the target image, and input a target image subjected to the image enhancement processing
into a trained classification model to obtain first pixel coordinate information of the skin surface area in a pixel coordinate
system.

[0073] In some example embodiments, the acquisition module 301 is further configured to collect a sample image
including the skin surface area by using the camera; and the identification module 302 is further configured to perform
image enhancement processing on the sample image; and perform model training based on a sample image subjected
to the image enhancement processing to obtain the classification model.

[0074] In some example embodiments, the coordinate information determining module 303 is specifically configured
to implement the "determining first device coordinate information of a central position of the skin surface area in a device
coordinate system" in the following way: determining second pixel coordinate information of the central position of the
skin surface area in a pixel coordinate system; determining camera coordinate information of the central position of the
skin surface area in a camera coordinate system based on the second pixel coordinate information and a first transfor-
mation relationship, where the first transformation relationship is a transformation relationship between the pixel coor-
dinate system and the camera coordinate system; and determining the first device coordinate information based on the
camera coordinate information and a second transformation relationship, where the second transformation relationship
is a transformation relationship between the camera coordinate system and the device coordinate system.

[0075] In some example embodiments, the first positional relationship information is a difference between the first
device coordinate information and fourth device coordinate information of the central position of the target area in the
device coordinate system; and the coordinate information determining module 303 is specifically configured to implement
the "determining second device coordinate information of a central position of a target area including a lesion in the
device coordinate system based on the first device coordinate information and predetermined first positional relationship
information" in the following way: determining that the second device coordinate information is a difference between the
first device coordinate information and the first positional relationship information.

[0076] In some example embodiments, the acquisition module 301 is further configured to obtain the first positional
relationship information in advance based on a nuclear magnetic resonance image.

[0077] Insomeexample embodiments, the acquisition module 301 is specifically configured toimplement the "obtaining
the first positional relationship information in advance based on a nuclear magnetic resonance image" in the following
way: determining first nuclear magnetic resonance coordinate information of the central position of the target area in a
nuclear magnetic resonance coordinate system and second nuclear magnetic resonance coordinate information of a
target position of the reactive bone in the nuclear magnetic resonance coordinate system based on the nuclear magnetic
resonance image; determining third nuclear magnetic resonance coordinate information of the central position of the
skin surface area in the nuclear magnetic resonance coordinate system based on the second nuclear magnetic resonance
coordinate information and the nuclear magnetic resonance image; and determining the first positional relationship
information based on the first nuclear magnetic resonance coordinate information and the third nuclear magnetic reso-
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nance coordinate information.

[0078] In some example embodiments, the acquisition module 301 is specifically configured to implement the "deter-
mining the first positional relationship information based on the first nuclear magnetic resonance coordinate information
and the third nuclear magnetic resonance coordinate information" in the following way: determining that the first positional
relationship information is a difference between the first nuclear magnetic resonance coordinate information and the
third nuclear magnetic resonance coordinate information; or determining a difference between the first nuclear magnetic
resonance coordinate information and the third nuclear magnetic resonance coordinate information; and determining
that the first positional relationship information is a product of the difference and a third transformation relationship,
where the third transformation relationship is a transformation relationship between the nuclear magnetic resonance
coordinate system and the device coordinate system.

[0079] The specific implementation process of the above apparatus for positioning a target area is the same as the
specific implementation process of the method for positioning a target area in the aforementioned embodiment, and
details are not described herein.

[0080] Those of ordinary skill in the art can understand that all or some of the steps of the method, a system and
functional modules/units in the apparatus, which are disclosed above, can be implemented as software, firmware, hard-
ware, and an appropriate combination thereof. In a hardware implementation, the division between functional mod-
ules/units mentioned in the above description does not necessarily correspond to the division of physical components.
For example, a physical component may have multiple functions, or a function or step may be performed by a plurality
of physical components in cooperation. Some or all of the physical components may be implemented as software
executed by a processor, such as a central processing unit, a digital signal processor or a microprocessor, or as hardware,
or as an integrated circuit, such as an application-specific integrated circuit. Such software may be distributed on com-
puter-readable medium. The computer-readable medium may include a computer storage medium (or non-transitory
medium) and a communication medium (or transitory medium). As is well known to those of ordinary skill in the art, the
term computer storage medium includes volatile and nonvolatile, and removable and non-removable media implemented
in any method or technology for storing information (such as computer-readable instructions, data structures, program
modules or other data). The computer storage medium includes, but is not limited to, a RAM, a ROM, an EEPROM, a
flash memory or other memories, a CD-ROM, a digital versatile disk (DVD) or other optical disk storages, magnetic
boxes, magnetic tapes, magnetic disk storages or other magnetic storages, or any other medium that may be configured
to store desired information and can be accessed by a computer. Furthermore, it is well known to those of ordinary skill
in the art that the communication medium usually contains computer-readable instructions, data structures, program
modules or other data in a modulated data signal such as a carrier wave or other transmission mechanism, and may
include any information delivery medium.

[0081] Example embodiments have been disclosed herein, and although specific terms are adopted, the terms are
only used and should only be interpreted in a general illustrative sense and are not used for limiting purposes. In some
examples, it is obvious to those skilled in the art that, unless otherwise explicitly stated, features, characteristics, and/or
elements described with reference to specific embodiments may be used separately, or may be used in combination
with features, characteristics, and/or elements described with reference to other embodiments. Therefore, it should be
understood by those skilled in the art that various changes in form and details can be made without departing from the
scope of the present disclosure as set forth in the appended claims.

Claims
1. A method for positioning a target area, comprising:

collecting, by using a camera, a target image comprising a skin surface area corresponding to a reactive bone,
wherein the reactive bone is a bone with a target feature;

identifying the skin surface area from the target image;

determining first device coordinate information of a central position of the skin surface area in a device coordinate
system; and

determining second device coordinate information of a central position of a target area comprising a lesion in
the device coordinate system based on the first device coordinate information and predetermined first positional
relationship information, wherein the first positional relationship information is positional relationship information
between the central position of the skin surface area and the central position of the target area.

2. The method for positioning a target area according to claim 1, wherein the identifying the skin surface area from the
target image comprises:
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performing image enhancement processing on the target image; and
inputting a target image subjected to the image enhancement processing into a trained classification model to
obtain first pixel coordinate information of the skin surface area in a pixel coordinate system.

The method for positioning a target area according to claim 2, wherein before the inputting a target image subjected
to the image enhancement processing into a trained classification model to obtain first pixel coordinate information
of the skin surface area in a pixel coordinate system, the method further comprises:

collecting a sample image comprising the skin surface area by using the camera;

performing image enhancement processing on the sample image; and

performing model training based on a sample image subjected to the image enhancement processing to obtain
the classification model.

The method for positioning a target area according to claim 1, wherein the determining first device coordinate
information of a central position of the skin surface area in a device coordinate system comprises:

determining second pixel coordinate information of the central position of the skin surface area in a pixel coor-
dinate system;

determining camera coordinate information of the central position of the skin surface area in a camera coordinate
system based on the second pixel coordinate information and a first transformation relationship, wherein the
first transformation relationship is a transformation relationship between the pixel coordinate system and the
camera coordinate system; and

determining the first device coordinate information based on the camera coordinate information and a second
transformation relationship, wherein the second transformation relationship is a transformation relationship
between the camera coordinate system and the device coordinate system.

The method for positioning a target area according to claim 1, wherein the first positional relationship information
is a difference between the first device coordinate information and fourth device coordinate information of the central
position of the target area in the device coordinate system; and

the determining second device coordinate information of a central position of a target area comprising a lesion
in the device coordinate system based on the first device coordinate information and predetermined first posi-
tional relationship information comprises:

determining that the second device coordinate information is a difference between the first device coordinate
information and the first positional relationship information.

The method for positioning a target area according to any one of claims 1 to 5, wherein before the collecting, by
using a camera, a first image comprising a skin surface area corresponding to a reactive bone, the method further
comprises:

obtaining the first positional relationship information in advance based on a nuclear magnetic resonance image.

The method for positioning a target area according to claim 6, wherein the obtaining the first positional relationship
information in advance based on a nuclear magnetic resonance image comprises:

determining first nuclear magnetic resonance coordinate information of the central position of the target area
in a nuclear magnetic resonance coordinate system and second nuclear magnetic resonance coordinate infor-
mation of a target position of the reactive bone in the nuclear magnetic resonance coordinate system based on
the nuclear magnetic resonance image;

determining third nuclear magnetic resonance coordinate information of the central position of the skin surface
area in the nuclear magnetic resonance coordinate system based on the second nuclear magnetic resonance
coordinate information and the nuclear magnetic resonance image; and

determining the first positional relationship information based on the first nuclear magnetic resonance coordinate
information and the third nuclear magnetic resonance coordinate information.

8. The method for positioning a target area according to claim 7, wherein the determining the first positional relationship

information based on the first nuclear magnetic resonance coordinate information and the third nuclear magnetic
resonance coordinate information comprises:
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determining that the first positional relationship information is a difference between the first nuclear magnetic
resonance coordinate information and the third nuclear magnetic resonance coordinate information; or
determining a difference between the first nuclear magnetic resonance coordinate information and the third
nuclear magnetic resonance coordinate information; and determining that the first positional relationship infor-
mation is a product of the difference and a third transformation relationship, wherein the third transformation
relationship is a transformation relationship between the nuclear magnetic resonance coordinate system and
the device coordinate system.

9. An electronic device, comprising:

at least one processor; and

amemory, wherein atleast one program is stored on the memory, and when the at least one program is executed
by the at least one processor, the at least one processor implements the method for positioning a target area
according to any one of claims 1 to 8.

10. A computer-readable storage medium, wherein the computer-readable storage medium stores a computer program
thereon, and when the program is executed by a processor, the method for positioning a target area according to
any one of claims 1 to 8 is implemented.
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